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Abstract. This paper presents a method of prognosis of organic matter content evolution in a 
plane agricultural surface soil, using the information obtained by initial scanning with 
spectrophotometrical techniques. The scanning result – map of organic matter content distribution – is 
used as initial moment distribution for calculating the evolution of soil organic matter content in terms 
of time. In order to calculate the evolution in time of organic matter quantity, mathematical models 
described by differential equations known in specialty literature are used: Willigen et al. (2008 are 
used. .Knowing this evolution, we are able to evaluate the optimum moment applying and the fertilizer 
quantity necessary for obtaining the appropriate parameters of soil nutrients. Therefore, this method 
aims at predicting the evolution of organic matter content in an agricultural soil, on a plane surface, for 
being able to add in due time the chemical fertilizers treatments needed. 
 




 The manner in which the soil organic matter evolves is very important for actions 
developed for obtaining high qualitative and quantitative and balanced harvests. Knowing and 
predicting the evolution of organic matter in time, for a certain agricultural surface is a 
preriquisite for the fertilizers optimum management(in due time and in suitable quantities), so that 
an appropriate harvest be obtained in terms of quantity and quality, and at the same time the 
chemical substances not to be spread in the environment, avoiding this way a probable pollution 
risk, no matter how small this could be. 
 
MATERIALS AND METHODS 
 
 The methods used for reaching the goal specified within the abstract are: differential 
equations modelling the soil organic matter decomposition phenomenon, map of organic matter 
distribution into the soil at the initial moment by techniques of spectrophometry and a software 
programme by means of which the results are graphically shown. 
 
Mathematical modelling of organic matter decomposition 
 
 In order to perform the mathematical modelling of organic matter decomposition into the 
soil, we have used the models given in specialty literature: Davidescu and Davidescu (1981), 
Willigen et al. (2008) Those models are maximally simplified. They reflect only the time 
dependence of organic matter transformation. In fact, the organic matter decomposing- 
biodegradation process is much more complex, depending on a series of other factors( Willigen et 
all, : temperature (Firschbaum (1995), Kätterer et al. (1998), Sierra (2011)), soil humidity (Ise and 
Moorcroft (2006),  organic carbon)  (Burgt et al. (2007)), radioactivity, etc. On the other way, the 
biodegradation is an extending phenomenon, as under the action of gravity and rain water or 
ground water layer  the organic matter is spacially displaced, at least on vertical direction for 
plane fields and on all directions, in case of an uneven ground, as most of times. Therefore, we 
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can write the organic matter evolution function as a function depending on time, spacial 
coordinates, temperature and humidity ( radioactivity influence should be neglected). 
 The equation of organic matter decomposition is obtained according to Davidescu and 
Davidescu (1981), or Willigen et al. (2008) considering ceratin modification of a mono-
component model, for exemple in compliance with Schnitzer and Khan (1978):  
dm km a
dt
= − + ,          (1) 
where m is the density of average organic matter per interest depth for agriculture, k is the 
coefficient of loss of organic matter specific to time unit – mineralizing coefficient, and function 
a, having the time as argument, is the organic matter density added within the  time interval, 
necessary to supervise the evolution. k coefficient is considered as steady in time, being the 
annual mean calculated for an average geo-climatical regime in Romania. The initial density of 
organic matter is noted with m0 , so: 
0 0( )m t m= .          (2) 
Simulation of organic matter decomposition 
 
 Before applying the mathematical model of organic matter decomposition to a concrete 
case on an agricultural field, the model (1)-(2) is verified. As a first exemple we consider a plane 
surface of agricultural field let uncultivated at a certain moment t0=0. We should take into 
consideration the application of an organic matter compensation treatment at a certain moment t1, 
with a certain quantity of organic matter. Therefore,  a function from the equation  (1) is supposed 
to be: 
0 1( ) ( )a t a t tδ= − ,         (3) 
where δ is Dirac symbol or ∆ function, according toVladimirov (1980) or Gelfand and Şilov 
(1983) or Wolfram MathWorld (2011), which gets the value 1 in t=t1 and which remains, is null. 
When the organic matter applying is performed several times, a function from (1), takes the form: 
1




a t a t tδ
=
= −∑ ,         (4) 
Where n is the number of organic matter additions into the soil,  ti are the moments of time when 
this operation is performed, and ai represents the concentrations of added substance. Adding the 
organic matter into the soil means both fertilizing with organic fertilizers and incorporating into 
the soil the vegetal remains of field crops.  
 The solution of the equation (1), with the function given of (4) and the limit condition (2) 
is possible to be obtained by using the transformation technique Laplace, Vladimirov (1980) or 
Gelfand and Şilov (1983), Wolfram MathWorld (2011): 
( ) ( )0
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=
= + ⋅ ⋅ −∑ ,      (5) 
where θ is Heavside function( the stage function, Wolfram MathWorld (2011)): 
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RESULTS AND DISCUSSIONS 
Case study 
 
 In order to understand the manner in which the mathematical model described-above 
operates, we should consider a plane field surface with an initial concentration of organic matter  
with the average value of m0=0.045 (4.5 % , which corresponds to  a soil with medium fertility or 
with approx. 112.5 t humus per hectarela hectar) into the first 25 cm starting from the soil surface. 
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The  European Comission (2010), points out for Romania, an organic carbon concentration in soil 
upper layer, ranged between 1 and 10 %, and  NRCS (2003) map points a content of 8 – 20 Kg/m2  
organic carbon at a depth layer of 0 – 1 m. Similar estimations are also made in Batjes (2002). 
According to Davidescu and Davidescu (1981), it is considered that the coefficient of organic 
matter mineralization is of k=0.03 per year (approximatively 0.000082  per day). In order to 
calclate the mineralization coefficient value the relation given in  Mary and Guerif (1994) or 
Patriche, (2004) can be used. 
 First, we should see what happens if the field is uncultivated and the weeds on it are 
neglactable as quantity. In this case,  a function is null function. The variation of organic matter 
concentration in the soil is shown for a year period in fig. 1. We can notice that the organic matter 
concentration diminishes monotonously from 4.5 % to 4.367 %. If the soil had had these 
conditions for 100 years time, the concentration of organic matter would reach 0.224 %. In less of 
300 yers the organic matter would almost disappear, allowing to the desert to establish quite 
totally.. 
 
Fig. 1. Variation of organic matter concentration in uncultivated soil 
 
Supposing that on the same field autumn wheat  is cultivated, then the plants will not 
consume organic matter (humus), but, instead they will bring the humus into the soil, through 
the vegetal remains. Let see what happens by cultivating the above field surface with autumn 
wheat, which produces vegetal wastes of 2500 t per hectare. 
 
Fig. 2. Variation of organic matter concentration into the soil cultivated with autumn wheat 
 
If the harvesting is performed in about the 170-th day of the year, the elementary 
mathematical model shows an increment of organic matter concentration, immediately after 
harvesting. The sudden increase from fig. 2 is in accordance with the reality only if the 
harvest is immediatley folllowed by soil works which introduce the vegetal remains into the 
soil. Otherwise, the process of incorporating the vegetal remains into the soil is slower, 
depending both on agricultural works and geo-climatic factors. In this case, it is important that 
at the end of the year the value of concentration of organic matter into the soil surpasses that 
obtained for uncultivated fields, being of 4.377 %.  
 If, for maintaining the organic matter concentration value into the soil, natural 
fertilizers are applied in mid February, in the 51-first day of the year, for exemple, and of 




Fig. 3. Variation of organic matter concentration in the soil naturally cultivated with autumn wheat, when the 
organic fertilizer of 3150 kg is applied 
 
In conclusion, the model can be used for predicting the natural fertilizer quantity needed 
so that the natural soil fertility be maintained at a constant concentration at the season’s end. We 
should consider the crop type and the production of vegetal remains of this culture as well as the 
working technology used, because there is the possibility of hampering the incorporation into the 
soil of the whole vegetal waste. 
 
 Application to the map of soil organic matter concentration evolution 
 The map of soil organic matter concentration can be obtained either chemically by 
classical analyses,  or by modern methods, such as the spectrophotometry, which uses a field 
scanning for determining the map of concentration of organic matter and soil nutrients. For this 
exemple, have been used the data obtained by a spectrophotometry technique, described, for 
exemple, in Muraru et al. (2010). In fig. 3 are given the main landmarks of field scanning-the 
aerial photography (a), the scanning routing, which also give the exact shape of scanned plot (b), 
the raw form of organic carbon distribution map in the soil, (c) and a processed form of that map, 
as level lines and areas.(d). The scanned area has a soil organic carbon concentration ranged 
between 0.81 and 1.53 %, for 3.8 up to 10.2 cm depth, Veris Technologies (2011). The 
distribution average value is 0.993 %.  Within this chapter the calculation will refer only to 
organic carbon component of humus, supposing that the decomposing rate is similar to organic 
matter one and the effects of vegetal remains are the same on each organic matter component 
(humus). Naturally, a more accuarate calculation would result if every component of organic mass 
was considered separatlely, taking into consideration its decomposition level and increasing rate 
due to recent vegetal remains or organic fertilizers. For such a calculation, further information is 
necessary, which is not available for the present moment. The effective calculation is of the same 
type. 
 Supposing that the field in figure 4 remains uncultivated during a year, by applying the 
decomposition law for the organic carbon in each point where is found information obtained by 
spectrophometrical scan, the maps from fig. 5 can be obtained. The map in  fig. 5, a, corresponds 
to initial organic carbon distribution in scanned field soil, and is obtained with a Veris type device 
(Veris Technologies (2011)) shown during the work in fig. 6. In fig. 5, b is shown the map of the 
same distribution after 365 days in which the field remained uncultivated and untreated by 
mechanical, chemical or other means. As you can see, the congfiguration of lines level remains 
practically the same, as we expected, having in view that function (5) describing the 
transformation of concentration distribution dependes only on time, not on the spatial variables. 
This is a consequence of field horizontal and plane characteristics hypothesis. One can notice that 
organic carbon concentrations values vary between 0.770 % and 1.455 %, the average value being 
much smaller than the initial configuration, 0.945 %. For this area, the European Comission 




Fig. 4. Aerial photography of scanned zone (a), scanning route (b) and the results as maps (c and d) of organic 
carbon  distribution in the soil at depths ranged between 5 and 10 cm 
 
 This model predicting capacity is very relevant as regarding the possibility of totally 
losing the soil organic matter, or  diminishing it at a certain level at which remedying is very 
expensive. Following the calculation, it has resulted that after 13.9 years, during which the 
field remained uncultivated and untilled, the average value of organic carbon distribution 
would be reduced at half. After other 13.9 years, under the same  “living conditions” the soil 
would reach an average value of organic carbon concentration equal to a quarter from the 
initial one. This evolution is governed by a low similar to radioactive material decomposing, 
and in our case the halving time is of 13.9 years (related to organic carbon component from 
the organic matter). 
 
Fig. 5. Space distribution of organic carbon concentration, as initial stage (moment of time zero or day zero) – a 
and after 365 days – b, for uncultivated field.  
 




 The mathematical taken from Davidescu and Davidescu (1981) or Willingen et al. (2008) and  
modified, is able to predict the evolution of organic matter concentration in agricultural soils. This 
prediction takes into account the agricultural crops and other organic matter supply by fertilizing 
treatments. This model can be used for establishing data and fertilizers quantities to be added in order 
to maintain or bring the organic matter parameters to the optimum parameters for certain crop type.  
The mathematical model described in this article is an instrument, which for predicting the  
organic matter evolution in the soil should also know its initial concentration. The spatial distribution 
of soil organic matter at initial moment is determined by classical or automatic scanning, e.g. by 
spectrophometry. The automatic scanning produces a resolution map of a higher quality than that one 
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